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A considerable number of corrosion problems can be solved by coatings. However, even the best 
protective coatings can fail by allowing the slow diffusion of oxygen and moisture to the metal 
surface. Corrosion accelerates when a coating delaminates. Often, the problems start when 
microscopic nicks or pits on the surface develop during manufacturing or through wear and tear. 
This problem can be solved by the incorporation of a self-healing function into the coating. 
Several new concepts are currently under development to incorporate this function into a coating. 
Conductive polymers, nanoparticles, and microcapsules are used to release corrosion-inhibiting 
ions at a defect site. 
The objective of this investigation is to develop a smart coating for the early detection and 
inhibition of corrosion. The dual function of this new smart coating system is performed by pH-
triggered release microcapsules. The microcapsules can be used to deliver healing agents to 
terminate the corrosion process at its early stage or as corrosion indicators by releasing dyes at the 
localized corrosion sites. The dyes can be color dyes or fluorescent dyes, with or without pH 
sensitivity. 
Microcapsules were formed through the interfacial polymerization process. The average size of 
the microcapsules can be adjusted from 1 to 100 micron by adjusting the emulsion formula and 
the microcapsule forming conditions. A typical microcapsule size is around 10 microns with a 
narrow size distribution. The pH sensitivity of the microcapsule can also be controlled by 
adjusting the emulsion formula and the polymerization reaction time. 
Both corrosion indicator (pH indicator) and corrosion inhibitor containing microcapsules were 
formed and incorporated into paint systems. Test panels of selected steels and aluminum alloys 
were painted using these paints. Testing of compatibility between the microcapsule system and 
different paint systems are in progress. 
Initial experiments with the microcapsule containing paint show visible color changes at induced 
corrosion sites and improvement of corrosion protection. Further investigation of the performance 
of the coating using electrochemical techniques and long term exposure are currently underway.
https://ntrs.nasa.gov/search.jsp?R=20120003636 2019-08-30T19:32:02+00:00Z
CD 
>
 
04)
CD 
C) N —J 
-
-
S 
Th I
 
5 
I IF
Z% 
0
i
 
—
w
 
Lm 
o
w
 
Lo 
CD iw
 w 
.2
<
 
Cl) 
L.. 
0
 
C
.)
0 0 I-0 0 Co 0 Co a-
E a) 
4
-(D 
-o
 
C co '3)
0 
-
 
-
c
 c
 
C
) - - 
C
Q
) 
,
-
0
>
 
-
.
 
.0
 >
 a) 
-
 C
 C
 
0
W
 a) 
a) - .2 CL
CL 
cu
 C
L 
) 
C/) 
a) U) 
.0 
(I). 
.0
 a) 
L
	
L. 
4-
A
t
c3)Q 
C
a) ) 
U) 
LE
C
 CL 
 
O
42
0)
-o 
_
.>
.
.
-
o
o
 U)
—
 
C
N 
CD
CU
-
=
 
—
U)
C
• 
0 —
0
-
U)
0 
0)
CI) 
-
 
-
C
0)
C
0
0 
-
 
0
U)
—
0
0
. 
Co 
Ga) 
-
'
-
c
-
0
 
0
0
—cu
CD 
0
0
 
0
 
0
)0
Q
O
C
-C
 
—
U)
C
0 
0)
•C
0
 
o
U
)
•0
E 
o
U)0)
4
-0
0
c: OU) a)
0
 
4
-
c
n
Q
U
)
C
0) 
cn
U)
 
CD-
Q
0
)
-
:3
CD C 0
E
8
C 
ii
8
E
o
cu 
U
) O) 
2
C
0) C
0)
C
0
0
cn
0
)
0
 
—
0
0)
0
0
C: 
C
—
 
C
0
..
c
CD 
0
C
—
 
C
0) 
CD
>
 
0 
-
.
-
0) C
)
0
0
0)U
) 
ciCD
-
-
o
E
E
C
o
c
-o
E
cD
 
C
0)C
w
2
o 
cu
-0
CU
 
U)Cl) 
E
C
C
C 
I–
0CDC
-
0 
t —
E
—
2
0
2
U
U)
C 
'JI
C
D
C
CD
0 –
_
4
JQ
0 
E
c
E
-
0
0)
.0
0
4—
—
 
C
/)C
'00C
G
) 
C
.4—
—
 
co
—
 
cn
cn
0
CD-
E
0)E 
0
C
0
,
.
8
C
C 
0)0)•
C
D
o
C
D
0
)_
C
C
w
2
2
C
D
2
 
CU
U)0> 
C
C
00C
D
E
CDC-C 
CU
0
)C
0
)C
 
0)
o
0
C
D
O
0
O
U
)E
0
)a
)D
G
)U
) 
>< 
F-
(I)
W
.
0
F-
	• iiiiiii
	
•.
	
•
	
•.
	
s 
•.Rb .9$ •c4 
	
00 
(
M
 
•
	
•
	
•
 
	
4
	
C
u
.
W
 
H7 
	
go
	
.
	
U
C
 
0
 
0
 
CL 
C
 
0
 
Cl) 
0
 
0
 
0 0 "-(fl C CD 0 0 CD E Cl)
CN 
r-. 
C) C) N-C) C a) I-Co z a) -c S 
a)
-ICL 
o
• 
cu_2 0 
>
p
-.
a) 
D
U)
ai 
4
-IIc
Cl) 
:1
D
cu 
5
CD 
C
l)Z

I--a 
cu
cu
o
C 
CQ
CU 
.
—
 
cl)
E
c
C
c
!) 
C
L
 CD
LC 
0
0 
2
1
t
a) 
E
-
0)
a) 
W
,C
a) —
CCc/) 
ce
_C 
-a)
.
-
•1
C 
-
o
a
o
 
cu
 0
C/
cu
Ij 
I
.
c
 
0
c
u
00- 
0 CD 0 L. CL 
C
L
 
(1) 
.
-
0
 
a) F-
f
)
 
>
a) Cl) CL 
c
c
 a) 
0
0
) 
o
c
o
 
I.-
2
u
°
o
 
O
O
O
 
cm
o 
F' 
c
,
=
 
_
 
_
0
—
 
.2E0E C 
0
a
)0
 
CL
) 
>
2
c
o

-
 W
 L
 
I) 
c
o
c
o
+
 
-
 
CD
N
O
I
N 
N
 
o
0 
o
o
0
IL
 
CL
o
r
-
+
	
IP 
 
A
 b 
C C5
	
ZZ 
I'k
.2 U) 0 L. LM 0 
C.) II0 (1) Amml z MENEME 0) (U) 0 L. (U) 0) I
0 (t 0 0 ci) Cl) 0 0 C) I;-) C/) 
t E Cl) %I-. 0 0
0 cu  0
Cl)
.
—
 
-I- —
 
C
: C
U
 
—
w
 
c,) 
cn 
(0
0
 
2
-
0) .E 0 C-) 
.
w
 
-o
 
c
u
 a
 
1-CO 
0
-
0
0
 
cm
 0 
(0 
-C 0 0
w
-
9-' 
.
—
a) C/) cu a)
C,) 
0 0 0 0 C') CO - 
C/) 
-
	
0 
Co
	
—
 
a
)
 
0
 
E
u
) 
c
o
 0 
CJ
	
0 
cu
cn 
CD
	
2 >i 
-
 >
 
-
.
 
L.
CO 
.2
CD 
Ia) 
-
 
—
 
ci) Cl)0 
cu
 !E 
cj-c: 
c,,2 
Q_ 1-.. 
oo 
(00 
CU
	
0) 
0
—
	
cu 
E-
0 
0 
C) - 
.
-0o 
-o. 
a)woo 
cn
2
a) U) C 0 QL U) a) 
U) a) U) 0 0 0 0 U) (n a) -c > C')
I. 0 S 
C.) 0 L. CL CL hb^77 I
0 CL
U) a) U) a-0 0 0 -C E a) U) > U) C o 5LC) 
a
'
-
F---' 
Ii. A
a) U) C a) -o > C a) 0 U) E a) U) > U) C Co 0
U,
C
 
0
 
-
 
•
co
-
.
 
U
)
0
0
2=
 
2
C
o
Cl) 
a) 
-C
 
C
 
>
 
Cl) 
CL 
0
 
0 0
0
 
-c
 
0
 
h
r
0
 4-. CD C-) 
a)
.
–
C
o
 
CI) 
2
C
 
U) 
.0 
—
0
0

CL 
o
C
 I)V 
2! co o 
(I)
C
 
L1 
7
 .0
Co 
W
C
 
—
 C
D
 
4
-CD 
H. 
E C) 0 LM C.)
_
_
_
_
_
_
_
	
•L 
liz
 
75 m
 
 E
E
 
	
/1
	
0 
	
II
	
/0 
II
	
/.-
	
Q&5 
\
C
)
 
CL 
_
_IL
l 1*1 
m
	
7Z3 
-
 
4-f
C E 0 U. r..2 Cl) 
0 0 0 4! a) .E
0
 
E
 
C
L
 -Q 
9-
-o 
o
Co 
a)
	
0
 
-
	
-I a) 
Co 
cn
C
L 
a) 
o
	
0
 
o
	
Cl) 
o
 
(3
	
a) 
-
	
(0 
0
>
 
Co 
a)
	
-D
 
1.
	
a) 0 
.2 -
	
G) 
CO 
N 
•
	
C/) 
a) E >1
 (n
 
C
-
 
-
=
 
0
 
<
=
 
1
-
0
 
o
	
o
-
	
I
.
 
•
•
•
k
 
.
.
 
;
.
,
.
	
.
!
	
.
 
•
•
 
.
.
%
 
,
 
,
 'fs•
	
•
•
'I 
or
	
£
•
i
?
	
a 
•(-
	
.
;
.
,
	
-
.
	
• 
•
	
'
	
-
&
w
.i 
•
 
•
•
•
•
.
,
	
.
 
•
	
.
:
	
.
 
I
	
.
 
•
	
S 
	
:Y
	
•
	
.
s
.
;
•
S
 ;
0
 
alp 
•
•
.
	
4
.
.
.
 
•
	
•
,
•
	
:
 f1
€
' 
•a
*
.q
p
a
• •I 
S
	
S
.•
	
•
 
•
	
S 
•
	
•
 
	
'a
	
•
	
,
.
 
"
a
 
•
•
 
a
	
!3
	
•
Cl) C C c 0 0 I 0 0 U) CD -C 0 0) C C 0 0 cl U) a) C C-C U, a) U) co C) 0 C-) 
I
.
,
•
 
.
.
 
•
 
.;i
C 0 (n 0 0 C-) 
-o 
a) N CD 0 0 
9-0 a) 0 C a) U) a) 0 C) C co C-) 
-o
 
C U) a) U) CD 0 0 0 -S
0
ro 
ct 
	
C/)
	
I
ct 
	
2
	
0
ct 
	
o
	
0 
U-
E 
o 
-
0 
0
.
-
	
a)
	
))
	
l)
	
—
 
	
ca
	
I Cl) 
—
 
0
C CPJ 
C riD
	
riD
 
.
-
-
 
.
-
-
 
C
c
	
C) 
CIO 
C)
	
C 
\1 riD 
C
) C
) 
C
) ;—
 4e 
.
_
o
 
c 
C
) 
e
	
-d 
C C) 
C
C
) 
ii i
 
ct
C,) 
ct
E
-
 
ij
-
 
ct 
U)
I 
G)
riD 
.
-
-
 
-
 
—
 
U
-
ct 
•
 
-
•
 
-
l
'
E
.
Ct 
(n 
o
_IH
ct ;..4 
a
.
•
-
a)
.E
.
-
C
C/) 
.
0
 
LL
ct 
U
-
I)
-
 
C 
U
C 0 
.
-
ct 
Cl) 
-I-, 
C: a) E a)
-
 
0) 
-o
 
a)
-
 
_
 
o
CIO
Ii 
-°
.
-
cJ) 
z
z
z
 
.
.
.
0
